We have succeeded in synthesizing new intercalation superconductors Li x (C 2 H 8 N 2 ) y MoSe 2 and Li x (C 6 H 16 N 2 ) y MoSe 2 with T c = 4.2 and 3.8 -6.0 K, respectively, via the co-intercalation of lithium and ethylenediamine or hexamethylenediamine into semiconducting 2H-MoSe 2 . It has been found that the T c values are related not to the interlayer spacing between MoSe 2 layers so much but to the electronic density of states (EDOS) at the Fermi level. Moreover, only Li-intercalated Li x MoSe 2 with a small interlayer spacing has been found to be non-superconducting. Accordingly, it has been concluded that not only a sufficient amount of EDOS at the Fermi level due to the charge transfer from intercalated Li to MoSe 2 layers but also the enhancement of the two-dimensionality of the crystal structure and/or electronic structure due to the expansion of the interlayer spacing between MoSe 2 layers is necessary for the appearance of superconductivity in MoSe 2 -based intercalation superconductors. The pairing mechanism and the analogy to the superconductivity in the electric double-layer transistors of 2H-MoX 2 (X = S, Se, Te) are discussed.
Introduction
Transition-metal dichalcogenides MX 2 (M = transition metal, X = S, Se, Te)
are typical two-dimensional layered compounds. 1) It is known that a variety of metal atoms and organic molecules are intercalated between weakly bound MX 2 layers, leading to marked changes in the physical properties. 2) In particular, electron doping due to the intercalation of metal atoms is an effective way to induce superconductivity in semiconducting MX 2 . In semiconducting 2H-MoX 2 (X = S, Se), the intercalation of metal atoms using the liquid ammonia technique has produced several superconducting materials. [3] [4] [5] Recently, Miao et al. 6) have reported that superconductivity with the superconducting transition temperature T c = 6.0 -7.5 K is induced in A x (NH 3 ) y MoSe 2 (A = Li, Na, K, Sr) via the co-intercalation of an alkali metal or alkaline-earth metal and ammonia into 2H-MoSe 2 . Interestingly, the T c value tends to increase with increasing c-axis length owing to the increase in the ionic radius of A. This tendency has also been seen in A x (NH 3 ) y MoS 2 (A = Li, Na, K, Rb, Cs, Ca, Sr, Ba, Yb). 3, 4) These results
suggest that the enhancement of the two-dimensionality due to the increase in the c-axis length leads to the increase in T c . Therefore, it is interesting to determine whether T c increases with a further increase in the c-axis length. Moreover, interesting results have been reported that superconductivity is induced by the electrostatic carrier doping in thin flakes of 2H-MoX 2 (X = S, Se, Te) using the electric double-layer transistor (EDLT) technique. 7, 8) The maximum T c values of 2H-MoX 2 (X = S, Se, Te) reach 10.8, 7.1, and 2.8 K, respectively, and the T c value is controlled by the electron density accumulated in the surface layer of thin flakes.
Very recently, we have reported that both ethylenediamine (EDA) C 2 H 8 N 2 and hexamethylenediamine (HMDA) C 6 H 16 N 2 are intercalated into semimetallic 1T-TiSe 2 together with lithium. 9) It has been found that T c is 4.2 K for Li x (C 2 H 8 N 2 ) y TiSe 2 with a c-axis length of 11.6 Å and also for Li x (C 6 H 16 N 2 ) y TiSe 2 with a c-axis length of 14.1 Å.
Since 2H-MoSe 2 has double Se layers weakly bound by the van der Waals force as well as 1T-TiSe 2 , as shown in Fig. 1(a) , the co-intercalation of lithium and EDA or HMDA into 2H-MoSe 2 and the resultant appearance of superconductivity are expected.
In this study, we have attempted the co-intercalation of lithium and EDA or HMDA into 2H-MoSe 2 and succeeded in the synthesis of new intercalation superconductors of Li x (C 2 H 8 N 2 ) y MoSe 2 and Li x (C 6 H 16 N 2 ) y MoSe 2 with T c = 4.2 and 3.8 -6.0 K, respectively, and very long c-axis lengths. We also measured the magnetic susceptibility  in the normal state, and the relationship between T c and the interlayer spacing between MoSe 2 layers or the electronic density of states (EDOS) at the Fermi level is discussed. Moreover, effects of post-annealing on the crystal structure and superconductivity in Li x (C 2 H 8 N 2 ) y MoSe 2 have also been investigated.
Experimental
Polycrystalline host samples of 2H-MoSe 2 were prepared by the solid-state reaction method. Molybdenum powder and selenium grains were weighted in a molar ratio of Mo : Se = 1 : 2, mixed thoroughly, and pressed into pellets. The pellets were sealed in an evacuated quartz tube and heated at 800˚C for 150 h. Both the host sample of 2H-MoSe 2 and the intercalated samples were characterized by powder x-ray diffraction using CuK α radiation. For the intercalated samples, an airtight sample holder was used. The diffraction patterns were analyzed using RIETAN-FP. 13 ) χ was measured using a superconducting quantum interference device (SQUID) magnetometer (Quantum Design, MPMS). Measurements of the electrical resistivity ρ were also carried out by the standard dc four-probe method. For the ρ measurements, powder as-intercalated samples were pressed into pellets at room temperature without heat treatment. Thermogravimetric (TG) measurements were performed in a flow of argon gas using a commercial analyzer (SII Nano Technology Inc., TG/DTA7300). sample and the use of powder samples, for which the effect of the penetration depth is not negligible. In the case of Na-and NH 3 -intercalated Na x (NH 3 ) y MoSe 2 with T c = 6 K, it has been reported that the superconducting volume fraction estimated from χ measurements is much smaller in a polycrystalline powder sample than in the single crystal. 6) For the single crystal of Na x (NH 3 ) y MoSe 2 , the superconducting volume 
As shown in Fig. 3(b) , all the intercalated samples show a superconducting transition at a low temperature below 4 K. Values of T c , defined as the onset temperature where ρ starts to deviate from the normal-state value, are listed in Table I . These results indicate that the electron doping due to the Li intercalation induces a metallic state, leading to the appearance of superconductivity. Note that the T c values obtained in the ρ measurements are slightly lower than those obtained in the χ measurements, as listed in Table I . In addition, the superconducting transitions are very broad and the zero resistivity is not observed above 2 K except for x = 1. These findings are inferred to be due to insulating grain boundaries in the intercalated pellet samples and also due to the degradation of the samples caused by the atmospheric exposure in the process of forming four terminals on the sample surface for the ρ measurements. The data of A x (NH 3 ) y MoSe 2 (A = Na, Sr) in former papers 3, 6) are also shown in (a) for reference.
Li
It is found that there is no clear correlation between T c and the interlayer spacing. This is obvious, taking into account the data of A x (NH 3 ) y MoSe 2 (A = Na, Sr) in former papers 3, 6) shown in Fig. 8(a) . In the case of the co-intercalated samples, it is possible that the electronic structure is perfectly two-dimensional owing to the inclusion of EDA, 1. 3, 6) Moreover, the superconductivity in the surface layer of thin flakes of 2H-MoX 2 (X = S, Se, Te) induced by the EDLT technique 7, 8) suggests the importance of the two-dimensionality in the appearance of superconductivity in MoSe 2 -based compounds. 
